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Examiner's Amendment 

1 . An examiner's amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 
payment of the issue fee. 

The claims below represent the pending claims in the application: 

Claim 1 . An automated system for generating multiple solutions in near real time for n 
open pairings (where n is an integer) occurring in airline operations, which comprises: 

a memory system having stored therein first memory objects defining flight and crew 
data, legality rules and other data relating to pairings of an airline; 

an optimization server in electrical communication with said memory system and 
receiving user requests for updating said memory system and for generating solutions to cure 
said n open pairings; and 

a microprocessor in electrical communication with said memory system and said 
optimization server for identifying all deadhead paths occurring among said n open pairings, 
generating solution components based upon said deadhead paths, storing said deadhead paths 
and said solution components in said memory system as second memory objects, and upon 
receiving from said optimization server a user request for curing said n open pairings, extracting 
said first memory objects and said second memory objects to form an open pairing model, 
formulating said open pairing model into an integer program data structure to simplify said open 
pairing model for solution, and generating said multiple solutions based upon said integer 
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program data structure to cure said n open pairings, wherein said integer program data structure 
is provided by an integer program represented by: 

£jtx| = lVi, (i) 

£i,j,tXij(f) + yt " S t ~ 1Vf > (»») 

Objective = min. Zlj Ctj x£ j + E f Cr y f + Z f BfS f (m) 

where "i w represents a first Pairing inafix. whether broken ortmhroken: 

where 1" represents a second PaMngto a fix whetobr<Ae n orunbrokfefa: ; 

where "P is an integer indicating a flight identifier. 



where "G.;"and represent a Cost to an airline in implementing a Qne^Wav Fix V^" when 

i* i and a Self Ex "x^' when .imp 

where "C" represents a Cost to an airtoe for flight f which is not ci>v&red bv any figkfi; 
nQtTOve^bvaftx < V , : 

where "B? represents a Cost of crew ove^coverape f or flight f: 

where "Sf" represents a slack fac tor referring to a oveT-coverage of crew to eoarantee a 
feasibiiitv of a CThrtjon: and : ■ 



where "min." represents a n iiniMuni fiaction, in which a smallest number in a data <a»t is 
refanned, 

Claim. 2. The automated system of claim 1, wherein said solution components include 
partial self-fixes, complete self-fixes, and one-way fixes. 

Claim 3. The automated system of claim 1, wherein said multiple solutions include one or 
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more n-way swaps. 

Claim 4. The automated system of claim 1, wherein one of said solution components is a 
one-way fix in which an open pairing is cured by taking one or more flights from a single 
remaining one of said n open pairings. 

Claim 5: Cancelled. 

Claim 6. The automated system of claim 1, wherein said integer program data structure is 
comprised of both a crew constraint set and a flight constraint set. 

Claim 7. The automated system of claim 1, wherein said solution components are one- 
way swaps and two-way swaps, and a matching transformation rather than said integer program 
data structure is used to generate said multiple solutions. 

Claim 8. A method of generating in near real time multiple solutions for n open pairings 
(where n is an integer) in a microprocessor which is in electrical communication with a memory 
system and an optimization server, which comprises the steps of: receiving memory objects from 
said memory system which include all crew and flight records, and legality rules defining 
operations affecting said n open pairings; identifying all deadhead paths occurring among said n 
open pairings; generating solution components based upon said deadhead paths for reassigning 
flights among said n open pairings, and storing said solution components in said memory system; 
upon receiving a request from a user by way of said optimization server to generate solutions to 
cure an open pairing, extracting one-way swaps and two-way swaps from said solution 
components to form an open pairing problem; and performing a matching transformation on said 
open pairing problem based upon said one-way swaps and said two-way swaps to provide said 
multiple solutions, wherein said integer program data structure is provided by an integer program 
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represented by: 

ZjtXij = lVi, (0 

j.t A ( f ) + y< - s f = 1 vf » md (ii) 

Objective » min. £i, j Ci jj Xi, j + £ f C f y f + E f Br Sf m 

where T* represents a fh-st Pairing in a fix, whether fadkert or ^broken; 
where I 1 * represents a second Pairing m a. fix> whether broken or unbroken: 
where *f ' is an integer indicatmg a flight identifier: 

where u Cy* and represent a Cost to aa airli ne in mtbi^n^nting aOfte-Wav Fix Vy" when 

i-0 i and a Self Fix 9 ^ifv^s^i^}i 

where "Cf * represent a Cost to an airline ^ 

where "vf is an iritegcr/wliefe v* 0 if a fHsfot f is CQvered b^ and vy- 1 if flight f is 

not co vei^d by a fix * V: 

where ' W represents a Cost of crew overdo veraM forffi 

wherfe -."Sf * represents a slack factor referring to a ovg^^vera^e of crew to guarantee a 
feasibility of a solution: and 

where "mln. M represents a minimum fimctum. in which a smallest rmmfa&f in a data s&t is 
returned. 

Claim 9. The method of claim 8 further including the step of selecting from said multiple 
solutions a solution of least cost for transmission to said user by way of said optimization server. 
Claim 10. The method of claim 8, wherein said matching transformation is comprised of 
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the following steps: for each original vertex and mirror vertex comprising a pair representing an 
open pairing, connecting said original vertex and said mirror vertex with an arc; for any two of 
said n open pairings, select one of said one-way swaps and said two-way swaps between said any 
two of said n open pairings having a least cost; joining original vertices of said any two of said n 
open pairings with a second arc having said least cost; and for each mirror vertex pair, join 
mirror vertices of said mirror vertex pair with an arc of cost zero. 

Claim 1 1 . A method of generating in near real time multiple solutions for n open pairings 
(where n is an integer) in a microprocessor in electrical communication with a memory system 
and an optimization server, which comprises: receiving memory objects from said memory 
system which include crew and flight data, and legality rules relating to said n open pairings; 
generating solution components for reassigning flights among said n open pairings, and storing 
said solution components in said memory system; upon receiving a request from a user by way 
of said optimization server to generate solutions to cure an open pairing, extracting complete 
self-fixes, partial self-fixes, and one-way fixes from said solution components to form an open 
pairing problem; applying an integer program to said open pairing problem to formulate said 
pairing problem into an integer program data structure; and generating said multiple solutions for 
said n open pairings based upon said integer program data structure, wherein said integer 
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program is represented by: 

£jtX|j = lVi, (i) 
, XutX^fJ + ^f ~Sf =lVf,and (ii) 

4 

Objective = mm.Ei, j Ci >j Xij + ZfCfy f + ZfBfSf Cm) 

where "i" represents a first Pairing in a fix, whether broken or unbroken: 

where T represents a second Pairing in a fix, whether brok en or imhroken: 
where **f ' is an integer indicating a flight identifier: 

v&gTA^" and UxV' represent a Cost to an airline in implementing a One-WavEix "x'y" when 



i ^ i and a Self Fix rt x\ " when i ~ f : 

where "Cf * represents a Cost to m airline for flight f which is not covered by anv fixes: 

where "w" is an integer, where v f « 0 if a flight f is coveredbv a fix "x" and v^ = 1 if flight f is 
not covered bv a fix *»x M : 

Aere "B/* represents a Cost of crew over-coverage for fli ght f; 

where "Sf represents a slaclc factor referring to a over-coverage of crew to guarantee a 
feasibility of a solution; and 

where "min " represen ts a minimum function, in which a smallest number in a data set is 



Claim 12: Cancelled. 
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Claims 13. The method of claim 1 1, wherein said integer program includes a crew 
constraint set and a flight constraint set. 

Claim 14. The method of claim 1 1, wherein said multiple solutions includes one or more 
n-way swaps. 

Claim 15: Cancelled. 

Allowable Subject Matter 

2. Claims 1-4, 6-11, 13-14, and 16 are allowed. 

3 . The following is an examiner's statement of reasons for allowance: 

The closest prior art is Sato et al (U.S. Patent No. 6,651,0460. Sato et al discloses an 
optimizing method for optimization, the total number of crew required for flight services and a 
crew pairing model calculation unit for calculating a fitness of a solution. However Sato et al 
fail to teach extracting said first memory objects and said second memory objects to form an 
open pairing model, formulating said open pairing model into an integer program data structure 
to simplify said open pairing model for solution, and generating said multiple solutions based 
upon said integer program data structure to cure said n open pairings, wherein said integer 
program data structure is provided by an integer program represented by the formula recited in 
claim 1 above. 

The closest prior art is Sato et al (U.S. Patent No. 6,651,0460. Sato et al disclose an 
optimizing method for optimization, the total number of crew required for flight services and a 
crew pairing model calculation unit for calculating a fitness of a solution. However Sato et al 
fails to teach extracting one-way swaps and two-way swaps from said solution components to 
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form an open pairing problem; and performing a matching transformation on said open pairing 
problem based upon said one-way swaps and said two-way swaps to provide said multiple 
solutions, wherein said integer program data structure is provided by an integer program 
represented by the formula recited in claim 8 above. 

The closest prior art is Sato et al (U.S. Patent No. 6,651,0460. Sato et al disclose an 
optimizing method for optimization, the total number of crew required for flight services and a 
crew pairing model calculation unit for calculating a fitness of a solution. However Sato et al 
fails to teach extracting one-way swaps and two-way swaps from said solution components to 
form an open pairing problem, performing a matching transformation on said open pairing 
problem based upon said one-way swaps and said two-way swaps to provide said multiple 
solutions, wherein said integer program data structure is provided by an integer program 
represented by the formula recited in claim 1 1 above. 

Claims 2-4, 6-7, 9-10, 13-14, and 16 depend from independent claims 1, 8 and 11; 
therefore claims 2-4, 6-7, 9-10, 13-14, and 16 are also allowed. 

Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the. issue 
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 
Allowance." 

Conclusion 

4. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 
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a. 



Rittri et al (Scheduling Pilot Training) discloses the concept of a scheduling 



component for activities with complex constraints for pilot training. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Romain Jeanty whose telephone number is (571) 272-6732. The 
examiner can normally be reached on Mon-Thurs 7:30 a.m. to 6:00 p.m.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tariq R. Hafiz can be reached on (571) 272-6729. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
October 16,2006 
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